Background. Aberrant promoter methylation has been considered as a potential molecular marker for gastric cancer (GC). However, the role of methylation of FLNC, THBS1, and UCHL1 in the development and progression of GC has not been explored. Methods. The promoter methylation status of UCHL1, FLNC, THBS1, and DLEC1 was assessed by quantitative methylation-specific PCR (QMSP) in the serum of 82 GC patients, 46 chronic atrophic gastritis (CAG) subjects, and 40 healthy controls. Results. All four genes had significantly higher methylation levels in GC patients than in CAG and control subjects. However, only UCHL1 methylation was significantly correlated with the tumor stage and lymph node metastasis. While THBS1 methylation was altered in an agedependent manner, FLNC methylation was correlated with differentiation and Helicobacter pylori infection. DLEC1 methylation was only associated with tumor size. Moreover, methylated UCHL1 with or without THBS1 in the serum was found to be significantly associated with a poor prognosis. Conclusion. The promoter methylation degree of FLNC, THBS1, UCHL1, and DLEC1 in serum could tell the existence of GC and only UCHL1 in the serum was also associated with poor prognosis of GC.
Introduction
Gastric cancer is one of the most frequently diagnosed malignancies worldwide, particularly in China [1] . Despite improvements in therapy over the past few decades, the low detection rate in the early stage of GC is the major cause of the high mortality rate in the GC patients [2] . Evidence accumulated for decades has revealed that GC is an end result of the multistep transformation of precancerous gastric lesions, including CAG [3] . Moreover, H. pylori infection plays a critical role in GAC and GC pathogenesis [4] . Thus, exploring the epigenetic abnormities involved in the process of GC would contribute to the understanding of the course of GC tumorigenesis, and searching for specific markers for early diagnosis and prognosis estimation may benefit the survival rates of patients.
DNA methylation refers to the addition of a methyl group to the carbon 5 position of the cytosine ring of CpG dinucleotides to form 5-methylcytosine. CpG dinucleotides are concentrated in the upstream promoter region of many genes [5] . The promoter methylation of genes involved in DNA repair, cell-cycle control, apoptosis, and cell adhesion has already been confirmed in various tumor types, including GC [4] [5] [6] . Using methylated genes as a molecular marker may provide powerful diagnostic and prognostic value in gastric cancer patients.
It is now widely accepted that the majority of the circulating DNA in cancer patients originated from neoplastic cells and resulted from DNA fracture due to apoptosis or necrosis of tumor cell. Therefore, the circulating DNA has a similar methylation pattern as that in the primary tumor, indicating that circulating methylated DNA in the serum has the potential as a novel diagnostic biomarker for cancer. Different study groups have described the promoter methylation frequency of DAPK, E-cadherin, GSTP1, p16, TIMP3, and APC in the serum of GC patients [7, 8] . And four genes including FLNC, THBS1, UCHL1, and DLEC1 were reported to be hypermethylated in tissue specimens of GC patients [9] [10] [11] [12] .
Therefore, in this study, we investigated the promoter methylation in the serum DNA for FLNC, THBS1, UCHL1, and DLEC1 in 82 GC patients, 46 CAG subjects, and 40 healthy controls with clinicopathological factors to assess their value in diagnosis or prognosis for GC patients. We indicated that the promoter methylation level of all the four genes in the serum of GC patients was higher and of them UCHL1 was valuable for diagnosis of GC progression while it was correlated with poor prognosis.
Materials and Methods

Ethics Statement.
Institutional Ethics Board approval was obtained from the Medical Ethics Committee of the Henan University of Science and Technology. All participating patients were formally informed for the purpose of using their medical records and the written informed consents were obtained from all participants in this clinical trial.
Patients and Samples.
Serum samples from 82 GC and 46 CAG patients were obtained between Jan. 2012 and Jan. 2013 at Department of Gastrointestinal Oncology Surgery, The First Affiliated Hospital, Henan University of Science and Technology. None of the enrolled GC patients had received preoperative chemotherapy, immunotherapy, or radiation therapy. 46 patients with CAG were diagnosed by gastroscopic examination, and 40 age-matched healthy subjects without a previous history of cancer were simultaneously recruited from the individuals who visited the hospital. All blood samples were acquired before any therapeutic intervention. The TNM stage was assessed according to the criteria of the Union for International Cancer Control [17] . Tumor differentiation and histological type were confirmed by pathological examination. Alcohol consumption was defined as the intake of more than 2 alcoholic drinks per day continuously for at least half a year. GC patients were regularly followed up in our department or were interviewed by telephone. The mean age was 63.3 ± 7.01 years (45-78 years) for the GC patients, 61.4 ± 4.14 years (50-69 years) for the CAG patients, and 58.4 ± 4.11 years (48-66 years) for the healthy controls. The H. pylori infection status in GC patients was tested by serologic and histological analyses or by the urea breath test. All blood samples were centrifuged at 2000 ×g for 10 minutes and stored at −80 ∘ C until the DNA was extracted.
DNA Extraction and Bisulfite Treatment.
Genomic DNA was extracted from a total of 1000 L serum by using a QIAamp Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's directions. Then, the DNA was modified by sodium bisulfite to convert unmethylated cytosines to uracils with an EpiTect Bisulfite Kit (Qiagen).
Quantitative Methylation-Specific PCR.
The bisulfitemodified DNA was used as a template for fluorescencebased real-time PCR, as previously described [18] . The relative methylation level of the 4 genes in each sample was calculated as the ratio of the amplified gene of interest to ACTB and was then multiplied by 1000 for easier tabulation (the average value of triplicates of each gene of interest divided by the average value of triplicates of ACTB × 1000). The primers, obtained from the literature, specifically amplified the promoter regions of the 4 genes of interest and the internal control gene ACTB (Table 1) .
Statistical Analysis.
Statistical analysis was performed using the SPSS 16.0 (IBM, Armonk, NY) and Prism 5 (GraphPad Software, San Diego, CA) software. The KruskalWallis test was used to compare differences in methylation levels among the three groups (control, CAG, and GC), and the Bonferroni correction was used for paired comparisons. The methylation thresholds of each gene for the cut-off values were determined by receiver operating characteristic (ROC) analysis. The cut-off value was used to establish the gene methylation status (positive or negative). The correlations between the clinicopathological characteristics of GC patients and the gene methylation status in the serum were examined by Fisher's exact test. Overall survival analysis was performed by using the Kaplan-Meier method, and the log-rank test was used to compare the differences in the survival curves. Those patients who were lost to follow up were excluded from the survival analysis. Cox's proportional hazard regression analysis was used to analyze the hazard ratio (HR) and 95% confidence interval (CI) of independent factors for patients' survival. A value of less than 0.05 was considered to be statistically significant.
Results
Methylation Levels in the Serum of Subjects.
The serum DNA methylation levels of four genes in GC subjects were significantly higher than those of the control and CAG subjects ( Figure 1 ). Overall significant differences in the methylation levels were observed for UCHL1 ( < 0.001), FLNC ( = 0.005), THBS1 ( < 0.001), and DLEC1 ( = 0.012) ( Table 2) . No significant differences were found between the controls and CAG subjects for any of the gene methylation levels. All four genes showed significantly higher methylation levels in GC patients than in controls ( = 0.002 for FLNC, < 0.001 for THBS1, < 0.001 for UCHL1, and = 0.005 for DLEC1). 
Methylation Frequency in the Serum of Subjects.
Considering the similarity of the methylation levels between healthy controls and CAG patients, these subjects were merged for the next step of the analyses. We calculated the specificities, sensitivities, and areas under the curves (AUCs) of the four genes ( Table 3 ). The frequency of detecting the methylated gene in the serum of GC patients was 67% (55/82) for FNLC, 63.4% (52/82) for THBS1, 56.1% (46/82) for UCHL1, and 80.5% (66/82) for DLEC1. Of the 82 GC patients with results for the four genes, 41.5% (34/82) showed two methylated genes in the serum and 30.5% (25/82) showed three methylated genes in the serum. In contrast, 45% (18/40) of controls and 43.5% (20/46) of CAG subjects showed no methylation of any gene and 42.5% (17/40) of controls and 43.5% (20/46) of CAG subjects harbored only one methylated gene. The mean value of methylated genes in the serum of GC patients was significantly increased (2.68 ± 0.92, 95% CI = 2.47-2.87) compared with that of the controls/CAG samples (0.68±0.69, 95% CI = 0.54-0.83) ( < 0.001, Figure 2) . In a word, the specificity of each gene was about 90%, while the sensitivity was within a range from 56.1% to 80.5%.
The above data demonstrated that the promoters of the four genes were more frequently overmethylated in GC patients but not in controls or CAG samples. So the overmethylated promoter in the four genes could tell the existence of GC.
Correlation of the Serum Methylation Status with Clinicopathological Data.
The methylation status of UCHL1, THBS1, FLNC, and DLEC1 was analyzed for correlations with clinicopathological characteristics of GC patients. Our data showed that UCHL1 methylation was significantly correlated with the TNM stage ( = 0.026) and lymph node metastasis ( = 0.014). THBS1 methylation was correlated with age greater than 60 years ( = 0.021), whereas FLNC methylation was associated with differentiation ( = 0.016) and H. pylori infection ( = 0.009). DLEC1 methylation was positively associated with tumor size only ( = 0.04). There were no other significant associations between gene methylation and the clinicopathological features of GC patients. All results are shown in Table 4 . 
Methylation Status of Genes and Overall Survival.
The associations between clinical outcomes and the serum methylation status of FLNC, THBS1, UCHL1, and DLEC1 were analyzed in GC patients for whom complete follow-up information was available. GC patients without methylated UCHL1 tended to have a better survival (median survival of 24 months) than those with methylated UCHL1 (median survival of 15 months) ( = 0.03, Figure 3(a) ), while the overall median survival of GC patients with or without methylated THBS1 in the serum was 14 or 20 months, respectively ( = 0.048, Figure 3(b) ). However, the presence of methylated FLNC and DLEC1 in the serum was not associated with the patients' overall survival ( = 0.21 and = 0.38, resp.). What is more, GC patients with neither methylated THBS1 nor methylated UCHL1 in the serum showed a significantly better prognosis compared with those with both methylated THBS1 and methylated UCHL1 (median survival 9 versus 20 months, resp., = 0.023, Figure 3(c) ). In contrast, other combinations of methylated genes were not found to be correlated with the patients' overall survival. 
Analysis of Prognostic Significance of Clinical Variables.
The association of clinicopathological data and serum methylation status of the genes FLNC, THBS1, UCHL1, and DLEC1 with clinical outcome was analyzed in GC patients. Statistical analysis revealed prognostic significance for the age above 60 years, poor differential, and higher TNM stage ( = 0.034, 0.011, and 0.000, resp., Table 5 ). The prognosis of patients with methylation of UCHL1 in serum was associated with a relative risk of death of 6.694 (95% CI, 1.536-19.172; = 0.011).
The multivariate analysis included age, differential, TNM stage, and methylation of UCHL1. In the Cox proportional hazards regression analysis of independent variables age (≥60 years), differential (poor), and methylation of UCHL1 did not attain statistical significance ( = 0.990, 0.095, and 0.103, resp., Table 5 ). Only higher TNM stage was found to provide independent prognostic information correlated with a relative risk of death of 10.799 (95% CI, 2.013-37.938; = 0.005).
Discussion
Gastric cancer is a major health problem worldwide. An increasing number of studies have shown that gastric cancer is a multistep process involving epigenetic alterations. Promoter methylation is a key epigenetic mechanism that participates in regulating gene expression and has been frequently observed in almost all types of human malignancies, including GC. The detection of methylated DNA in the serum provides a promising method for the noninvasive diagnosis of GC. However, the majority of data have been from the analysis of commonly methylated genes in the serum of patients with gastric cancer such as RUNX3 and p16 which were shown to be helpful for detection of gastric cancer [19, 20] . Therefore, we investigated novel serum methylation markers with potential diagnostic or prognostic value in GC patients.
In the present study, we detected the promoter methylation level of four genes, FLNC, THBS1, UCHL1, and DLEC1, in a cohort of GC patients using the QMSP method. All the four genes have been reported to be hypermethylated in the specimens of GC patients. FLNC, a member of the filamin family, has been known to organize actin polymerization in response to various signals [21] . Aberrant promoter methylation of FLNC in gastric cancer was initially found by the genome scanning technique [9] . Our data indicated that the frequency of FLNC methylation in the serum of GC patients was 67%. UCHL1, also called protein gene product 9.5 (PGP9.5), is a member of the ubiquitin carboxyl-terminal hydrolase family and plays a role in the development of many tumor types via aberrant promoter methylation [22, 23] . Similarly to the reports of other groups, for example, that 64.9% of serum samples had methylated UCHL1 methylation in nasopharyngeal carcinoma [24] , the methylation frequency of UCHL1 in the present study was 56.1%. In addition, a significant difference in the serum DNA methylation level of UCHL1 between GC patients and healthy controls was found, in accordance with previous studies of gastric tissue specimens [10, 25] . DLEC1 is a common tumor suppressor gene that is often downregulated or lost in lung cancer due to promoter hypermethylation [26] . Compared with a former study documenting that DLEC1 methylation was detected in 33.8% of gastric adenocarcinoma serum samples by methylation-specific PCR [12] , our result (80.5%) was much higher. The difference in the sensitivity of the detection method may be a possible explanation for this discrepancy. In other tumor types, DLEC1 was found to be methylated in the serum of 25% of nasopharyngeal carcinoma patients and in the plasma of 35.9% of NSCLC patients [24, 26] . Differences in the tumor type may explain the variety in the serum methylation frequency of DLEC1. THBS1 is a potential angiogenesis inhibitor that is frequently methylated in colorectal cancer and malignant glioma [27] [28] [29] . In the serum of GC patients, we observed that 63.4% of samples had methylated THBS1, which was slightly higher than previous studies reporting that the methylation frequency in GC and colorectal cancer tissues samples was 48.4% and 44.4%, respectively [11, 28] . Overall, the genes involved in this study exhibited a significantly higher methylation level or frequency in the serum samples of GC patients, which, for the most part, corresponded to previous data from other groups. Considering that gene methylation plays an essential role in tumorigenesis, we further explored the clinicopathological significance and prognostic value in GC patients. Compared with early stage GC or GC without lymph node metastasis, UCHL1 was more frequently methylated in advanced stage GC. Our results confirm the results of previous studies in GC [30] , colon cancer [31] , and esophageal squamous cell carcinoma [32] . These results suggested that UCHL1 methylation may contribute to tumor progression in late stage GC patients. Furthermore, UCHL1 methylation was positively associated with worse overall survival rates, which is consistent with former studies in breast cancer [33] , esophageal squamous cell carcinoma [32] , and renal cell carcinoma [34] . Therefore, UCHL1 may be very valuable for prognosis of GC patients. In addition, the THBS1 methylation status was also associated with survival time. Similarly, other reports found a significant association between THBS1 methylation and the survival time of patients with penile squamous cell carcinoma and malignant glioma [29, 35] . GC patients over 60 years old showed more frequent THBS1 methylation than patients aged less than 60 years. Kang GH's study reported that the methylation frequency of THBS1 also increased with age in normal gastric mucosa [36] . These results suggest that THBS1 is methylated in an age-dependent manner. For the methylation status of DLEC1, we found a significantly higher level of DLEC1 methylation in large-sized tumors, which is consistent with a previous study [37] . Thus, DLEC1 methylation can be associated with tumor growth. No prognostic value was detected for DLEC1 methylation in our study or in a research report studying colorectal cancer [38] ; however, a study in lung cancer provided the opposite view [39] . Whether the DLEC1 methylation status is correlated with the prognosis of cancer patients requires further retrospective studies. In addition, methylated FLNC was correlated with poorly differentiated GC. The underlying mechanism for the association of FLNC methylation and tumor cell differentiation requires further research. More importantly, FLNC methylation frequently occurred in GC patients with H. pylori infections. Of interest, several studies have reported that the promoter methylation level was significantly increased in the H. pylori-infected gastric mucosa of healthy people [40] . Thus, we suspected that FLNC methylation may be the result of H. pylori infection in GC patients.
In conclusion, using a QMSP approach, we identified a panel of methylated genes in the serum that differentiates GC patients from healthy controls and CAG patients and confirmed that the gene methylation status was markedly correlated with special clinicopathological features. Moreover, THBS1 and UCHL1 methylation in the serum was closely correlated with worse clinical outcomes in gastric cancer patients. Thus, FLNC, THBS1, UCHL1, and DLEC1 may be useful for detection of GC. And UCHL1 was a valuable diagnostic marker for progression of GC while it was also associated with the prognosis of gastric cancer patients.
